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Abstract. The nanofine spatial dissipative structures (NSDS) were characterized by 
transmission electron microscopy and electron diffraction. The NSDS obtained by 
thermogradiently processing an amorphous selenium film by unilateral heating of its lower 
surface at T = 413 K preliminarily. The results indicate that the NSDS of hexagonal selenium 
obtained in an amorphous film possess an azimuthal curvature of the lattice and a nonlinear 
fan-shaped system of flexural contours on their electron microscopic image. The lattice of the 
above NSDS undergoes elastic – plastic rotational curvature around three mutually 
perpendicular directions. The lattice rotation angles of hexagonal selenium NSDS reach: 
around [001], – 25°, around the direction perpendicular [001] and lying in the plane of the 
amorphous film – 32°, around the direction perpendicular to the first two ones and not lying in 
the plane of the amorphous film - azimuthal curvature of the lattice, – 35°. Thus, as a result of 
electron-microscopic and microdiffraction studies, it was found that NSDS of hexagonal 
selenium with azimuthal curvature of the lattice, causing the curvature of its habitus, are in a 
nonequilibrium state. 
1. Introduction 
It is known that the formation of dissipative structures can be realized by an explosive crystallization 
of amorphous substances [1]. Another way of forming such structures exists – with rotational 
curvature of the lattice by thermogradient processing of an amorphous film by unilateral heating of its 
lower surface [2, 3]. The rate of formation of the NSDS during the explosive crystallization creates 
difficulties in obtaining dissipative structures of a given size. Taking into account the above, the 
formation of NSDS of hexagonal selenium with rotational curvature of the lattice and given 
dimensions was carried out by the method of thermogradient processing of an amorphous film [2, 3]. 
2. Experimental 
The study of NSDS of hexagonal selenium was carried out by electron microscopy and electron 
diffraction [5–11]. NSDS of hexagonal selenium with azimuthal curvature of the lattice are formed in 
an amorphous Se film during thermogradient processing of by heating its lower surface at T = 413 K 
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(Figure 1 a). A characteristic detail of the electron microscopic images of NSDS is the system of 
bending contours [4, 9–12]. The appearance of the system of bending contours is caused either by their 
bending as a whole or by the rotational curvature of their lattice [2, 3, 10–12]. Systems of nonlinear 
fan-shaped extinction contours are present on electron microscopic images of NPDS of hexagonal 
selenium with a curved habit (Figure 1 a). 
Quenching of NSDS of hexagonal selenium by cooling in an air was performed after completion of 
the thermogradient processing of the amorphous Se film. In NSDS of hexagonal selenium formed in 
the amorphous film during quenching, the lattice structural defects are fixed. Lattice structural defects 
are atoms and vacancies displaced from their equilibrium positions. The concentration of the 
nonequilibrium structural defects, corresponding to the temperature of one-sided heating of the lower 
surface of the amorphous Se film, remains in NSDS formed in the amorphous film with a sharp 
decrease in temperature [2, 3, 13–15]. Quenching of the nonequilibrium structural defects allows the 
structure of NSDS to be ‘frozen’ and exist without exchange of both energy and matter with the 
environment. The NSDS formed in the amorphous Se film possess all the signs of nanofine crystals 
after quenching. 
3. Results and Discussion 
In microdiffraction studies [5–8] of NSDS of hexagonal selenium with curved habitus microelectron 
diffraction patterns were obtained from the central parts of NSDS (Figure 1 b) and from their 
peripheral parts: from the ‘right’ part (Figure 1 c) and from the ‘left’ part (Figure 1 d), respectively. 
Table 1 show the results of the calculation of microelectron diffraction patterns of the nanofine PDS of 
hexagonal selenium, respectively: from the central part (Figure 1 b), from the ‘left’ part (Figure 1 c) 
and from the ‘right’ part (Figure 1 c). Reflections in the microelectron diffraction pattern from the 
central part of NSDS of hexagonal selenium with azimuthal curvature of the lattice (Figure 1 b)  
indicate that prismatic planes of the first kind are in the reflecting position in this part of the NSDS. 
The results of the calculation of microelectron diffraction patterns of the peripheral parts of NSDS 
(Figure 1 c and Figure 1 d) allow determining their position in the reciprocal lattice by NSDS of 
hexagonal selenium with azimuthal curvature of the lattice. The position of microelectron diffraction 
patterns from the ‘left’ and ‘right’ parts of NSDS of hexagonal selenium in its reciprocal lattice is 
characterized by mirror symmetry. 
Comparative analysis of microelectron diffraction patterns (Figure 1 b, 1 c and 1 d); and 
calculations performed using standard crystallographic formulas allow to establish that the lattice of 
the studied NSDS of hexagonal selenium with the curved habitus undergoes elastic - plastic rotational 
curvature around three mutually perpendicular directions – around [001], which coincides with the 
smallest size of NSDS; around the direction perpendicular to [001] and lying in the plane of the 
amorphous film and the azimuthal curvature around the direction perpendicular to the first two ones 
(Figure 1 a). 
The elastic – plastic nature of the rotational curvature of the lattice of NSDS with azimuthal 
curvature of the lattice formed in the amorphous Se film is indicated, on the one hand, by the peculiar 
properties of their bending extinction contours. Indeed, the bending extinction contours of NSDS of 
hexagonal selenium (Figure 1 a), in their peripheral part, are discontinuous. On the other hand, high 
values of the angles of rotational curvature of the lattice of NSDS around three mutually perpendicular 
directions exclude the purely elastic nature of the rotational curvature of their lattice. 
Thus, as a result of electron-microscopic and microdiffraction studies, it was found that NSDS of 
hexagonal selenium with azimuthal curvature of the lattice, causing the curvature of its habitus, are in 
a nonequilibrium state. The lattice of NSDS experiences elastic – plastic rotational curvature around 
three mutually perpendicular directions. The lattice rotation angles of these NSDS of hexagonal 
selenium reach accordingly: around [001], 250, around the direction perpendicular [001] and lying in 
the plane of the amorphous film – 320, around the direction perpendicular to the first two – azimuthal 
curvature of the lattice – 350. 
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Figure 1. Electron-microscopic image of NSDS of hexagonal selenium with azimuthal curvature of 
the lattice (Figure 1 a). JEM-200CX JEOL Ltd, Japan. Microelectron diffraction pattern from the 
central part of NSDS of hexagonal selenium with azimuthal curvature of the lattice (Figure 1 b); 
prismatic planes of the first kind are in a reflective position. Microelectron diffraction patterns from 
the ‘left’ (Figure 1 c) and ‘right’ (Figure 1 d) of the peripheral parts of NSDS. 
The rotation of the reciprocal lattice by NSDS of hexagonal selenium with azimuthal curvature of 
the lattice is the result of the rotation of selenium macromolecules – structural units that form a lattice 
NSDS. Accordingly cooperative movements of the structural units forming the lattice NSDS with 
azimuthal curvature of lattice are cooperative rotations of the selenium macromolecules around three 
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Table 1. Interplanar distances and Miller indices for a microelectron diffraction pattern of NSDS of 
hexagonal selenium with azimuthal curvature of the lattice: B) from the central part; C) from the ‘left’ 
part; D) from the ‘right’ part, respectively. 
4. Conclusion 
Thus, the formation of NSDS of hexagonal selenium with azimuthal curvature of the lattice occurs in 
an amorphous film during its thermogradient treatment – one-sided heating of the lower surface of the 
amorphous film with subsequent quenching by cooling in air and is the result of all the necessary and 
sufficient conditions for the formation of spatial dissipative structures: a) NSDS with azimuthal 
curvature of the lattice are formed in a thermodynamically open system; b) this system is removed 
from an equilibrium; c) this system is described by nonlinear equations; c) the formation of NSDS of 
hexagonal selenium with azimuthal curvature of the lattice is the result of the cooperative movement 
of the structural units of their lattice – the cooperative rotation of selenium macromolecules around 
three mutually perpendicular directions [2, 3, 17–20]. 
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1 3.810 3.800 0110  
 2 2.977 2.975 1110  
3 2.093 2.060 2110  
4 1.739 1.755 1220  
C 
1 2.977 2.975 1011  
2 2.976 2.975 1101  
3 2.186 2.167 0211  
4 2.046 2.060 0211  
D 
1 2.977 2.975 0111  
 2 2.977 2.975 1101  
3 2.046 2.060 1210  
4 2.180 2.167 0112  
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